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SUMMARY

The Radiation Monitoring Equipment (RME) was flown on STS-8 Space Shuttle boo .
Mission for the purpose of testing a concept for in-cabin, real-time crew dosi- s
metry, and for the purpose of obtaining time resolved gamma-ray background data ;
and neutron/proton background data. The RME consists of two instruments, EGL6 o
HRM-111 gamma-ray counter and EG&G Pocket REM Meter (PRM) neutron/proton dosi- B
meter. The HRM-III was operated by the astronaut crew seven times during the Pl
mission, with each operation lasting 52.5 minutes. The PRM was operated twice
during the mission with each operation lasting a minimum of ten hours.

The results from the HRM-III operations were plotted as a function of time and
as a function of ground position. The data show large increases in count rate
during the periods when the Orbiter was in the South Atlantic Anomaly. These

data are consistent with data obtained from other missions.

The PRM results are displayed in tabular form. The agerage dose rate from these
operations s .312 + .012mrem/hr ((2.49 + .013) x 10=2 rad/hr). The total o
wission neutron/proton dosage predicted by these readings is approximately : )
52.931lmrem (4.224mrads). This value is in agreement with NASA predictions for e
neutron/proton dosage for the STS-8 mission. .
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SECTION I
INTRODUCTION

VIR O S

This report presents the results of the Radiation Monitoring Equipment (RME)

experiment flown on STS-8. The objectives of the RME experiment are two-fold.

The first objective was to exercise our ability to fly small non-space-specific

hardware on the Space Shuttle. The RME tested the feasibility of using state-

- of-the-art dosimetry equipment that was not originally designed for orbital

I application for in-cabin, real-time crew dosimetry. The second objective of the
experiment was to obtain time resolved gamma-ray background data and

. neutron/proton background data.

The first objective was partially met during the flight of STS-6 (ref 1). The
) RME was flown for the first time and a limited amount of data were taken. The
: * quality of the data was sufficient to convince us that the instruments will work
‘ in space, and, more importantly, that the crew can operate them and obtain
meaningful dJdata. Longer operations were required to fully meet the first objec-
t}vessigceithe instruments were not utilized to their fullest extent during the
” STS-6 mission.

E The second objective was also achieved, in part, during the STS-6 mission. The

- neutron/proton dosimeter, EG&G's Pocket REM Meter (PRM), was operated for suf-
ficiently long periods of time and gathered meaningful background data. The
gamma-ray counter, EGLG's HRM III, was only operated for 10 seconds each time it
was activated and did not yield enough background data to meet the second objec-
tive.

STS-8 provided an opportunity to meet both objectives of the RME experiment.
The HRM 111 was operated seven times with each operation lasting 52.5 minutes.
The PRM was operated twice with each operation lasting a minimum of 10 hours.

g
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SECTION II
EQUIPMENT

HRM-I1I.

The HRM-1I1 (Figure 1) (ref 2) is a hand-held gamma-ray counter. It weighs
approximately 1 kilogram (2.2 pounds) and is about the size of a small cassette
recorder. The circuitry is all solid state and microprocessor controlled. The
getector is a mecuric iodide (Hglp) crystal with a detection threshold of
00keV.

The HRM-III has 105 internal memories that can store counting data for playback
at a later time. These memories are filled with the average counts obtained
during a user determined time interval. The interval can vary from 1/3 of a
second to 33 seconds. Playback of the stored data is-accomplished through a
liquid crystal display (LCD) on the HRM-III. This record-playback feature
allows for a time-history of the gamma-~ray counts without having a user con-
tinually monitoring the instrument. (For a more complete description of the
HRM-I11, see reference 2).

PRM.

The PRM (Figure 2) (ref 3) is a hand-held neutron/proton dosimeter. It weighs
approximately 1 kilogram (2.2 pounds) and is somewhat larger than the HRM-III.
The PRM has microprocessor-controlled solid-state circuitry. It uses three
jonization tubes as detectors. These tubes are surrounded by a tissue equiva-
lent plastic. The associated electronics then produces data in the form of
counts, rads and rems in real time.

Data are obtained via an LCD. The PRM will read out either hours (elapsed time
since turn-on), counts, rads, or rems just by changing the position ot a rotary
switch. The LCD displays the current value of the function (hours, counts,
RADs, REMs) chosen and the LCD readout is updated as the value changes. Thus
the PRM is a real time dosimeter. (For a more complete description, see
reference 3).

Crew Training.

Crew training on the RME was accomplished at Patrick AFB, FL, in June 1983.
Three of the crew were given a 2-hour briefing on the instruments and were
allcwed to operate them. Questions that the crew had on the operation of the
instruments were answered at that time. The crew then practiced with the
training units at Johnson Space Center,
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SECTION III
RESULTS
HRM-III .

The HRM=III was operated seven times during the mission. Each operation lasted
for 52.5 minutes. The HRM-III was setup to fill one memory every 30 seconds.
In this configuration the HRM-III took data over approximately 58% of a 165
nautical mile (nm) (305.6 (km)) orbit.

The HRM-III performed well during STS-8. The only anomaly that occurred was S
during operation 4. (See Appendix). During the data readout and deactivation ~
phase of operation 4, the crew reported that the display read “8888" and there
was data in one channel only. This condition indicates a weak battery. The
crew was advised to changeout the battery and reinitiate operation. The HRM-III
functioned properly for all other operations.

The data obtained from the seven runs have been plotted two different ways. The
first set of plots (Figures 3, 5, 7, 9, 11, 13, 15 and 17) show average counts
per second plotted against time elapsed since instruments turn on. The second
set of plots (Figures 4, 6, 8, 10, 12, 14, and 16) show the average counts per
second plotted on a map of the world based on the Orbiter's subpoint. As an
aide, the "unusual® numbering sequence for the operations, i.e., 3, 4a, 6, 7,
and 8, corresponds to the numbers assigned by the crew during the flight. (See
Appendix A).

The data plotted in Figures 3 through 17 show the background counts/second

for ganaima-rays. The data can clearly be divided into two categories: one for
count rate in the South Atlantic anomaly; and the other for count rates outside
of the South Atlantic anomaly. For data taken outside the South Atlantic ano-
maly, the background average count rate is 28 counts/sec. For data take: in the
anomaly the average count rate goes as high as 265 counts/sec. .
There is no easy way to convert these counts over to a dosage for gamma-rays.

We are, however, currently exploring the possibility of modifying the PRM to

include gamma-ray dosage with neutron/proton dosage.

No calibration is required for the HRM-III due to its use of solid state com-
ponents and detector. The HRM-III1 that was flown had been checked by EG&G T
several months prior to STS-8. Tl

In general, the data shows no surprises and appears consistent with previous
measurements and expectations. Future flights will provide data from different
altitudes and orbital inclinations thereby adding to the data base of background
data.

PRM.

The PRM was operated twice during the STS-8 mission. The first operation
occurred at Mission Elapsed Time (MET) 1/07:10:57 and lasted 15.44 hours. The
second operation took place at MET 2/21:49:10 and lasted for 10.01 hours. The
PRM had no anomalous behavior during either operation.

.............
............
.................




LA st e

g a4nby4

31dWHS H3d SONDIIS OFE

HIGWNN 31dWHS
oo.mmﬁ oo.@m oo.mw oo.mm oo.m: 00°0¢ oo.mﬂ 00°

00 d

08°'€2

d3d SLNNOBDJ

1

09°Lh

1L
Hs

Oh-
W

1 #»NNY III WHH
8-S1S

00°BT1




.....

p a4nbi4

8-S1S

T "ON NOILHH3dE

ITI-WHH




RRREH IO IS ] TR [T i i e
K, - ..A
: ;
.. § aanbid i
. g
37dWHS Y34 SONDI3S O€ mM

) dIGWNN 37dWYS | . 5
1 00°sGl 0006 00°SL 00°08 00°Sh oo.ﬁm oo.mm 00 "

o*d

g 2 “
S P
(] 0 ;
3 {
~. N
—— .
.IOS .-
h ~
A (o RV )
. 29 :
.. ~ S .-
: oD
r. L N t\
3 ~x u
: or- R
-m —I_)— u-
-M 5 .--
g ﬁU :
-. 6 un
X 2 ..
4 (] -
.
3 ...
r. 2 ~-.
_ r9 ..
n W
2 «NDY T10 WHH 5 ...s
o .

8-S18

AR AN v s pel o

T

Sk Tt
Sy

7
b
)
K
b







g0°"sol
(.

00°06
L

[ d4nbyd

37dWHS Y3d SOND33S O€

H3GWNN 3 1dWHS
0009 00" Sh

E #NNY III WHH
8-S1S

00

U

Qo011

0022
"H3d SINNDJ

c€
gs

00"
37dNW

T

G0 "hh

|

g0 °ss




g aanby

8-516 o

@ -
Ilnuﬁnn

10

‘ 4
TRYSRZUEE S np, ( w1
3 Q =

€ "ON NDILBYIdO . .w@
... i

ITI-HWYH




T
e
.
.“ 6 @24nb}4
h
m 37dWHS H¥3d SONDI3S OF
j © WIGWAN 3TdWHS - .
: 00°501 00°06 00°SL 00°08 00°Sh 00°0€ 00°51 004,
Q
o

1

00 *ch

T

00°€S
37dWHS H3d SINNBJ

Bh «NNY 111 WHH
8-51S

........

.o . . P IREEY W WL TP | R S
...............



o1 a4nbi4

8-S1S

. <2
£ N Al

®h ‘DN NOIibH3ldo

[1I-HYH .




PP It St g

g

00°S01
L

oo.ﬁm

DO.MN

11 34nby4

37dWHS H3d SONDJ3IS OE

HIAWNN I 1dWYS
00°'09 00°Sh

9 »NNY TII WHH
8-S1S

EENE RS AT LR | » AT -

00°q,
o
Q

T
g0°¢ce
13

d7dWHS d3d SLNNQ3

T

00°€€E

T

G0 "hh

[

00°ssS




9 "ON NDILHH3dO

ITI-WHH




SR VOV TR LS Y -

.

—
Chan)

——

RN P L A

Lt e A A Al AP A d et

oo.mﬁﬁ

oo.ﬁm

oo.Mm

€1 34nbi4

37dWHS H3d SOUNDI3S OE

HIAWNN 3 1dWHS
00°09 00°5h

00°0¢€
1

Qc.m_

00-

PR oy

L #NNY TIT WHH
8-S1S

R L AN, W

00 g

0h*61

U

08 °8¢€

"

02°8S
31dWES d3d SINNB3

T

09°LL

00°L6

15

LY

DRI S S Y
P R

. et
AT L AL R e
MPIA . DI I T

R SNOSA

.
LR
> »

-
-

.™ o

P )

BRI R
£

Lo
s,

-
A




P S " g e oy g
k) N
9€
«®
. 1
1)
%
)
[
09
e
13 !
s
d
(N
’ 1]
.
§
A 3
: ]
.
i
[y ”®
- [
. '-° ve (£ 0 "':
92
\ (23
[t
o
: 2]
- @
@
w
J [
”
2
."!
™~ )
5 s’a!
- =z "
o o
= 2
- )
' = w
x - 2
« = k-
Tz @ ”
[t -]
i F
[N
of 2
o 52
4
1
9%
%
. L
n .
§2

575~-8

Figure 14




cc.mﬁﬂ

oc.ﬁm

g1 a4nbL4

31dWHS H3d SONDDI3S DE

H3GWNN 31dWHS
00°SL TIRE UL Gh

oo.pm

QOO

a

2N

8 sNNY II1 WHH
B8-S15 "

QS "En

g0°ns




................

3 9T aunbi4

8-S1S

18

.
q
) P
4 ./"./
o
P
re
3
.
[
)
]
2 o
-
82 .
" »
e
2 \
),
]
1]
.
A
§;
f
wfs,’
" ’,
1]
12
02
)
(3]
1]
2
A b RPN UL a

8 "ON NOILBY3JO

[11-WHH

0
.0
e
-
.
-nf
e
Lt
e
!-» 4
\‘
-\h
e
o
o'
.
.
1.
‘e "4
ol
¢, ‘e
ot
.
. '
s
.L
.

EI
o
-. -
I
‘e
P!
St
e




ey

DA Al

.

T e

- e

"

DAt

-

TR

TTYT

ARG
;. _....,
L1 34nbd
37dWHS H3d SONDDI3IS OE
H3GWNN 3T1dWHS
00°S01 00°06 00°St 00°09 00°Gh 00°0€ 00°G1 00°Q,
L - | 1 1 A 1 { ;
o
o
e mab st
n
Y
O
oM
Q
(o
(A N
¥ |
K=o
1 .-n
\) Old
om
X
IS
oD
Al 4
oD
o
m
(oY)
=]
Q
(e ]
o
N
. g sNnH= X _ o
[ =NNY= ¥ 311S0dWDD 2
9 uNnY= @ B-518 o
BH «NAW= X
£ eNnu= 1
2 u#Nnh= ¥ .
1 eNny= O

19

-




AN A A S R AR AR A A At Sl

s

PRM data is presented in Table 1. The count rate is approximately the same for
both operations. Table 2 shows the average dose rate for each operation and
the average dose rate for both operations combined. For a seven day mission
(more exactly 7 days, 1 hour, 39 minutes), this would predict a dosage from
neutrons and praotons to be 53.02m REM or 4.22m RAD. These are much lower than
NASA values (ref 4) since gamma-ray dosage is not included.

PRM calibration (ref 1) was performed by EGLG in May of 1983. The PRM
was found to be accurate to within 3% during this calibration.

waca




TABLE 1

PRM DATA FROM STS-8

RAW DATA

[ WET

1/07:10:57

2/21:49:10

Counts
Averagq
Count
Rate

Stdr
Oev

rem
rad

Hours

1340

86.79/hr

+ 9.32/hr
4.96 mrem
.398 mrad
15.44 hrs

826

82.52/hr

+ 9.08/hr
3.04 mrem
.240 mrad
10.01 hrs

21
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TABLE 2

PRM DATA FROM STS-8

AVERAGE DOSE RATES

- MET *10: 9.

Dose Rate
(wrem/hr) 321 .304

Dose Rate
(wrad/hr) .0258 .0240

Average dose rate for both operations:
(wrem/hr) 3125 + .012
(wrad/hr) .0249 + .0013

22




SECTION IV |
CONCLUSIONS —

The data collected from the RME are consistent with data taken on previous
missions. There were no surprises in the data and any variations in the
data correspond to natural external sources of radiation (e.g., the South
Atlantic Anomaly).

The procedures used for the RME on STS-8 allowed the crew to employ the
full capability of both instruments. Thus, the objective of testing the
feasibility of using non-space specific hardware in space was adequately
demonstrated. An important point to note here is that the instruments were
easily operated and read by the crew and meaningful data were obtained.
These instruments are also easily serviced by the crew. The second objec-
tive of obtaining radiation background data was also satisfied by this
mission.

Future flights of the RME will contribute to the data base on background
radiation. Different mission profiles will yield data from different alti-
tudes and orbital inclination. Such a data base will prove useful for
planning future space systems, including crew health and safety require-
ments as may exist in permanently inhabited stations and platforms.
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